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Phosphorylation of tyrosine residues constitutes a unique signaling pathway involved in regu-
lation of most cellular processes responding to different extracellular stimuli. The enzymes that
carry out this modification are tyrosine kinases. These enzymes enable the transfer of -phos-
phate from ATP to the phenol –OH group of tyrosine on protein substrates. Development of
specific and potent protein kinase inhibitors is important not only for treatment of diseases, but
also as a tool to investigate the physiological roles of protein kinases. Flavonoids are biologi-
cally active polyphenol compounds naturally occurring in many plants. They are recognized as
inhibitors of Fyn and Lck protein kinases, two representatives of the Src family of non-receptor
kinases involved in T-cell signaling transport. In the described experiments, the inhibitory ac-
tivity of flavonoids on Fyn and Lck kinases was monitored by the ELISA method. Myricetin
showed the highest inhibitory effect, and no ATP-competitive mechanism of inhibition was ob-
served on Fyn tyrosine kinase. The affinity of human Fyn and Lck for two different substrates,
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As a result of the successful Human Genome Project,
the beginning of the 21st century has brought up a new
perspective on drug discovery.1 Gene identification has
provided a new paradigm for understanding human dis-
eases at their most fundamental level and defined novel
molecular drug targets for the prevention and treatment
of diseases.2 Research activities of many pharmaceutical
companies are focused on the protein tyrosine kinases
(TKs), a subfamily of the largest known gene family –
kinases. It is estimated that the human genome contains
more than 2000 different kinases.3,4
Protein phosphorylation constitutes a unique mecha-
nism of communication within the cell and between cells
in a multicellular organism as a response to different ex-
tracellular signals.5,6,7,8,9 Stimulated by extracellular sig-
nals, kinases catalyze transfer of ATP -phosphate to a
specific amino acid residue on protein substrates.5,7 De-
pending on the amino acid residue to be phosphorylated,
kinases can be divided into groups such as tyrosine kin-
ases, serine-threonine kinases and histidine kinases.10,11
Other enzymes, known as phosphatases, conduct dephos-
phorylation, a reaction that is also an essential segment
of signaling pathways.6,9 TKs play an important role in
different cellular processes (pathways) such as embryo-
genesis, cell differentiation, growth, metabolism, prolif-
eration and apoptosis.5,6,7,8,10 Protein phosphorylation by
these enzymes is the key element for normal regulation
of the mentioned processes.3,4,7,8 Therefore, irregular ac-
tivity of TKs could be a cause or a consequence of many
diseases such as allergies, immune disorders and carci-
nomas.3,7 The possibility of confronting such illnesses with
efficient kinase inhibitors is the reason why the drug de-
velopment of many pharmaceutical companies has been
directed in this way.3,12 The great success achieved by
two kinase inhibitor drugs, Herceptin (1998) and Gle-
evec (2002), has given new optimism to the future pro-
jects.3,4,13 However, the development of efficient protein
kinase inhibitors is important not just for treatment of di-
seases, but also as a tool to investigate the physiological
roles of protein kinases.
Two classes of TKs are present in the cell: the trans-
membrane receptor TKs and the nonreceptor TKs.7 The
nonreceptor tyrosine kinases (TKs) are cytoplasmic pro-
teins, elements of signaling pathways triggered by trans-
membrane receptor TKs or other cell surface receptors.7
The largest subfamily of nonreceptor TKs, of nine mem-
bers, is the Src family. Src family members participate in
a variety of signaling processes, including mitogenesis,
T- and B-cell activation and cytoskeleton reconstructi-
on.7,14,15 Members of this family have also been impli-
cated in several human carcinomas, including breast, lung,
and colon cancer.7 By interrupting or attenuating the sig-
naling processes, we might prevent cell activation, dif-
ferentiation and growth.
Macromolecular structure of TKs is combined of
two domains – a structurally preserved catalytic domain
and an evolutionary less preserved regulatory domain.5,16
ATP binding site is located in the pocket between N- and
C-terminal regions in the catalytic domain. Substrates of
protein kinase are attached to less known surface depres-
sions, and not to the well-defined ATP binding site. This
difference of binding sites in the catalytic domain sug-
gests that remote specific motives are responsible for ef-
ficient phosphorylation.15,16,17
In our experiments, enzymatic activity of Lck and
Fyn kinases in the presence of selected flavonoid com-
pounds using the ELISA method was monitored.5,18,19,20
Lck and Fyn are two nonreceptor TKs that belong to the
previously described Src kinase family.5 They are impor-
tant components of the regulation of T-cells of the immune
system.21,22 T-cell activation is initiated by antigen rec-
ognition by the T-cell receptor (TCR). The TCR con-
tains multiple subunits and interacts with several factors
to transduce antigen-stimulated T-cell activation. One of
the key steps that initiate TCR activation is the tyrosine
phosphorylation of TCR subunits by the Src family pro-
tein kinases Lck and Fyn. The T-cell receptor phos-
phorylated by Lck and Fyn recruits the ZAP-70 protein
kinase to the receptor complex, which becomes activat-
ed and thereafter stimulates downstream signaling path-
ways. As a result, numerous metabolic changes occur,
some of them being the accumulation of Ca2+, phos-
phatidylinositol breakdown, lymphokine secretion, IL-2
synthesis, and finally T-lymphocyte proliferation.17,21,22,23
Flavonoids belong to a large family of polyphenole
compounds naturally occurring in many plants.24 They
play an important role in plant growth, development and
defense, and even represent the pigments responsible for
the yellow, orange or red shades of flowers.24 According
to their basic chemical structure, flavonoids can be di-
vided in many subclasses: chalcones, flavanones, dihy-
droflavonols, flavan-3-ols, flavones, flavonols, antho-
cyanidins, isoflavones, neoflavones, etc.25 The structure
of some subclasses is presented in Figure 1. More than
8000 flavonoid compounds have been discovered so far,
and their number is constantly increasing due to the pos-
sible synthesis and modification of these compounds by
adding hydroxy, methyl, acyl groups, sugars or other
substituents to different C-atoms of two aromatic rings
(rings A, B in Table III).24,26
Many flavonoids are known for their anti-inflamma-
tory, antiallergic, anticancer, cardioprotective and immu-
nomodulatory activities.24 Some of these biological ac-
tivities are assumed to be connected with the antioxidant
properties of these compounds, which are expressed by
limiting the production of reactive oxygen species and/or
their scavenging.24,25 Flavonoids have been shown to in-
hibit several enzymes, including hypoxygenases and
protein kinases.24 Many of these compounds are compo-
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Figure 1. Chemical structure of some flavonoid subclasses.25
nents of the everyday human diet. They are present in
fruits, vegetables, chocolates, herbs and beverages, such
as wine, tea or beer.24,27,28 Examples of flavonoids in
foods and herbs are listed in Tables I and II. It has been
reported that the intake of flavonoids with our everyday
diet is about 20 mg to 1 g.29 Food combined with the
mentioned biological properties, the so called functional
food, has stimulated even greater interest in flavonoid
compounds. However, as natural products, flavonoids
can vary in amount and structure as a result of genetic
factors, climate, soil quality, and other external factors,
as well as the type of food processing.24,28 Therefore,
controlled cultivation and subsequent adequate process-
ing are essential to ensure the most consistent concentra-
tion of specific flavonoid compounds. Healing effects of
many herbs, used in traditional and modern medicine,
are also connected with the presence of flavonoids.24,30
EXPERIMENTAL
Inhibitory activity of flavonoid compounds on Fyn and Lck
was monitored by the ELISA method, described as follows.
The same method with addition of different ATP concentra-
tions was used to examine the possible ATP-competitive
mechanism of inhibition of flavonoids on Fyn and Lck kin-
ases. Two peptides were used as tyrosine kinase substrates
– the random polypeptide polymer Poly Glu:Tyr (4:1) (Sig-
ma, P-0275) and M3-01 pentadecapeptide (Eötvos Lorand
University, PEP M3-01), with the following amino acid
composition: KVEKIGEGTYGVVYK. Compounds to be
tested were selected from PLIVA’s Compound Library. All
selected flavonoid compounds (Table III), as well as stau-
rosporine (Sigma, S-4400), are commercially available (Sig-
ma, InterBioScreen, Alexis, etc.). Protein lymphocyte kin-
ases, Lck and Fyn, were expressed in the Sf9 baculovirus
expression system, isolated, purified and characterized us-
ing literature protocols,31,32,33 slightly modified according
to internal capabilities. BSA was obtained from Sigma (A-
2153) and peroxidase-labeled anti-phosphotyrosine antibo-
dy from Calbiochem (525320).
Experiments were conducted in 96-well Dynex Immu-
lon 2 HB microtiter plates (flat bottom, transparent). Sub-
strates were diluted (0.1 mg/ml) in coating buffer (0.1 M
NaHCO3/Na2CO3, pH = 9.6), and added to wells in a 100
µl volume to adsorb overnight at 37 °C, and kept in a dark
and dry place. At the start of the experiment, plates were
washed with TBS-T (3x, 200 µl/well, 5–7 min). 47 µl of 2
 10–6 M ATP was then added to each well. Selected fla-
vonoid compounds were diluted in 100 % DMSO. Stock
solutions in concentrations from 10–2 M to 10–9 M were
made and added to wells in a volume of 3 µl. Each com-
pound was added to a different column of the microtiter
plate in a decreasing concentration range. Lck and Fyn kin-
ases were diluted in kinase buffer (25 mmol dm–3 hepes, 10
mmol dm–3 MnCl2, 10 mmol dm–3 MgCl2, 0.2 mmol dm–3
DTT, pH = 7.4) and added to wells, 50 µl/well. Kinase re-
action lasted 20 min, the content of plates was then dis-
carded. Plates were washed with TBS-T (3x, 200 µl/well,
5–7 min). A 2.5 % dilution of BSA in TBS-T was added to
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TABLE I. Flavonoids in food27
Food Compound Subclass
Amount
(mg / 100 g)




























Garlic (raw) Quercetin Flavonol 22.6
Orange (raw) Hesperetin Flavanone 39
Orange juice (raw) Hesperetin Flavanone 13.9
Kale (raw) Kaempferol Flavonol 14.6
TABLE II. Flavonoids in herbs24,30
Herb Active flavonoid component Use
Calendula flowers
(Calendula officinalis)






Apigenin and luteolin glycosides Gastrointestinal complaints





Flavonol glycosides Alzheimer disease






wells, 100 µl/well, and left to react (blocking reaction) for
30 min, then the content of plates was discarded. 100 µl/well
of peroxidase-labeled anti-phospho-tyrosine antibody dilu-
tion in 2.5 % BSA was then added, in a concentration of
1:6000. Reaction lasted for 40 min and the content of plates
was discarded. Plates were washed with TBS-T (3x, 200
µl/well, 5–7 min) and TBS (1x, 200 µl/well, 5–7 min). 100
µl/well of peroxidase detection system was added: 12.5 ml
citric acid, 12.5 ml Na2HPO4, 20 mg phenylenediamine
(Sigma, P-8287), 20 µl H2O2 and MilliQ H2O to a final vol-
ume of 50 µl. After 10–30 minutes, the reaction was stop-
ped with 25 µl of 1.25 M H2SO4. The developed color in-
tensity was measured spectrophotometrically at 490 nm.
IC50 was determined using the GraphPad Prism software, v.
3.02.
Possible ATP-competitive mechanism of inhibition of
flavonoids on Fyn kinase was assayed using a specific com-
pound – myricetin. This most potent inhibitor among all
tested compounds was assayed for the mechanism of action
in the presence of different ATP concentrations (1, 10 and
100 µmol dm–3 as final). The substrate used was Poly Glu:
Tyr (4:1). Staurosporine, an ATP-competitive kinase inhibi-
tor, was used as a control.
RESULTS
Inhibitory activity of flavonoid compounds on Fyn and
Lck kinases was expressed as IC50, which is defined as
the compound concentration for 50 % inhibition of ki-
nase. From experimental data, IC50 was determined by
charting the logarithm of concentration of the tested fla-
vonoid compound in dependence on A490, and IC50 rep-
resented the point of inflection on the obtained curve.
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TABLE III. Tested flavonoid compounds
Subclass Compound PLIVA code Structure
Flavones Apigenin PL 29841 5,7,4'-OH
Acacetin PL 33652 5,7-OH-4'-OCH3
Baicalein PL 29343 5,6,7-OH
Flavonols Fisetin PL 29286 3,7,3',4'-OH
Gossipin PL 10327 3,5,7,3',4'-OH-8-OGlc
Morin PL 33653 3,5,7,2',4'-OH
Myricetin PL 33959 3,5,7,3',4',5'-OH
Quercetin PL 33551 3,5,7,3',4'-OH























TABLE IV. Inhibitory activity of flavonoid compounds on Fyn and Lck kinases; substrates: Poly Glu:Tyr (4:1), M3-01 peptide
PL Compound IC50 (Fyn) / µmol dm
–3 IC50 (Lck) / µmol dm
–3
Poly Glu:Tyr (4:1) pep M3-01 Poly Glu:Tyr (4:1) pep M3-01
2638 Staurosporine 0.014 0.015 0.024 0.049
29841 Apigenin 8.6 4.8 14.6 57.5
33652 Gossipin 17.5 29.3 >100 >100
29343 Morin 11.9 15.3 14.4 103
29286 Myricetin 1.1 0.8 1.2 3.4
10327 Quercetin 1.9 1.8 8.3 3.3
33653 Acacetin 20.3 5.8 >100 >100
33959 Baicalein 14.7 13.5 >100 62.0
33551 Fisetin 29.8 8.6 >100 >100
33952 Pelargonidine Cl 28.6 111 >100 >100
Calculations were done using the computer program Graph
Pad Prism software, v. 3.02.
Final inhibitory activity results under our experi-
mental conditions (r.t., 0.01 mg of substrate, 1:200 dilu-
tion of enzyme, 1 µmol dm–3 ATP, 3  10–4 to 3  10–11
mol dm–3 concentrations of selected flavonoid compo-
unds and 3  10–5 to 3  10–12 mol dm–3 concentrations
of staurosporine, as final) varied from 0.8 to more than
100 µmol dm–3, depending on the flavonoid and/or en-
zyme used. While examining the possible ATP-competi-
tive mechanism of inhibition of flavonoid compounds, IC50
for myricetin varied very little from 0.09–0.13 µmol dm–3
in the presence of different ATP concentrations (all other
experimental conditions were the same as previously de-
scribed). In the case of staurosporine, the obtained IC50
values were 0.02 µmol dm–3 for 1 µmol dm–3 ATP, 0.2
µmol dm–3 for 10 µmol dm–3 ATP and 2.2 µmol dm–3 for
100 µmol dm–3 ATP.
Final inhibitory activity results of all flavonoid com-
pounds are given in Tables IV and V, and in Figures 2
and 3 for ATP-competition.
DISCUSSION
The aim of this work was to obtain the structure and ac-
tivity relationship of the tested compounds for selected
kinases. From the results given in Table IV, we can see
that the tested flavonoid compounds have shown higher
inhibitory activity towards Fyn tyrosine kinase compar-
ed to Lck. Depending on the functional groups present
on three different flavonoid rings, A, B and C (Table
III), their IC50 varied from 0.8 µmol dm–3 to more than
100 µmol dm–3. The best results for IC50 on both Fyn
and Lck kinases were shown by myricetin and quercetin
(Table IV). Other tested compounds showed inhibition
only on Fyn kinase (with the exception of apigenin and
morin, which showed some weak inhibitory activity also
on Lck). Although only activities of myricetin and quer-
cetin are in a low micromolar range for both kinases, it
is evident that flavonoids as a class exert inhibitory ac-
tivity on these two tyrosine kinases. Certain changes in
functional groups on the flavonoid scaffold could be re-
sponsible for the decrease of inhibitory activity, as can
be seen in examples of pelargonidine or fisetin (Table
IV, different distribution of –OH groups around the fla-
vonoid scaffold). Flavonols are generally more active
than flavones and anthocyanidines (Table III). Decrease
of activity of flavonols is observed when some sterically
significant group is linked to the scaffold, as can be seen
in the gossypin example with the sugar moiety linked to
position 8 of flavonole A-ring (Table III). It is hard to
predict the physiological or pharmacological relevance
of the inhibition potential of flavonoids shown in this
work without more extensive in vivo experiments. Based
on in vitro knowledge from this work, it is obvious that
some limited synthesis efforts could lead us to more po-
tent, efficient and selective flavonoid compounds. But, it
is also necessary to perform some additional experiments
of further profiling of the data obtained. Testing the cy-
totoxicity effect of flavonoids upon T-lymphocytes and
other cell lines could be the next step.
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TABLE V. Inhibitory activity of myricetin and staurosporine on Fyn
kinase in the presence of different concentrations of ATP; substrate,
Poly Glu:Tyr (4:1)
PL Compound
ATP/µmol dm–3 1 10 100
IC50(Fyn) / µmol dm
–3
2638 Staurosporine 0.026 0.21 2.2
29286 Myricetin 0.091 0.13 0.12


















Figure 2. Inhibitory activity of Staurosporine on Fyn kinase in the
presence of different concentrations of ATP (1,10 and 100 mol
dm–3). Poly Glu:Tyr (4:1) was used as substrate.




















Figure 3. Inhibitory activity of Myricetin on Fyn kinase in the pres-
ence of different concentrations of ATP (1,10 and 100 mol dm–3).
Poly Glu:Tyr (4:1) was used as substrate.
As a standard kinase inhibitor, staurosporine has de-
monstrated nonselective inhibition of both tyrosine kin-
ases in a low nmol dm–3 concentration, as expected.
Poly Glu:Tyr (4:1) and M3-01 peptide (KVEKIGE-
GTYGVVYK) used in these experiments are two struc-
turally very distinctive substrates. Synthesis of M3-01
peptide was performed on our request at Eötvos Lorand
University, with the purpose to examine the specificity
of this particular substrate toward Lck and Fyn kinases.
This high specificity profile was given in the TECAN
protocol for quantification of tyrosine kinase activity
with fluorescence polarization (the protocol is available
and was kindly provided to the authors by TECAN and
PanVera/Invitrogen).34 However, based on the in vitro
data obtained, no significant difference in kinase affinity
for phosphorylation of tyrosine residues on these two
substrates has been observed. Since M3-01 peptide has
two tyrosine residues, and the random polypeptide Poly
Glu:Tyr (4:1) has many of them randomly distributed, it
is obvious that the structural difference between the test-
ed substrates is not relevant for kinase affinity toward
phosphorylation of tyrosine residues on these substrates.
No ATP-competitive mechanism of inhibition for
myricetin on Fyn tyrosine kinase was observed (Table V,
Figure 3). A difference in the maximum magnitude of OD
signal for three different concentrations of ATP was re-
corded in the competitiveness experiment for myricetin
(Figure 3, maximum OD is 1.6 for 1 µmol dm–3, 1.8 for
10 µmol dm–3 and 1.9 for 100 µmol dm–3 ATP concen-
tration). The reason lies in the fact that these three ATP:
compound ratios were in three different plates and the
color intensity developed in the assay was different for
these 3 plates. But, IC50 values were unique afterwards,
irrelevant for the maximum OD developed (if not more
than 2). This competitiveness result indicates that myri-
cetin inhibits Fyn by binding on a different site, which is
not the alosteric-ATP binding pocket. It is known that
Lck and Fyn participate in phosphotyrosine-dependent
protein-protein interactions through the Src homology-2
(SH2) modular binding unit domain.5,10 Most probably,
this domain (SH2) could be the site where the inhibition
by myricetin occurs. ATP-competitive inhibition mecha-
nism was obtained and confirmed in the case of the gen-
eral tyrosine kinase inhibitor – staurosporine (Table V,
Figure 2).
Although flavonoids show positive biological activi-
ties, there is evidence that higher concentrations of some
flavonoids may act as cytotoxic agents, pro-oxidants (ge-
neration of free radicals), inducers of apoptosis, mutagens,
and inhibitors of key enzymes involved in hormone me-
tabolism.29,35 Flavonoids are also involved in plant de-
fense against microorganisms.24,36 Antibacterial activity,
if detected, could open a new door to the possible appli-
cation of herein tested flavonoid compounds. Natural
flavonoid preparations are mixtures of different flavonoid
compounds.24,37 Some experiments indicate that the syn-
ergistic effect generated in this way shows greater activ-
ity than flavonoids alone as genuine compounds.37 This
also means that, perhaps, different results could be ob-
tained if the flavonoid mixture were tested on Lck and
Fyn kinases, especially in vivo. Flavonoids may interact
with the absorption of other drugs, generating either pos-
itive or negative outcomes.26 This could also be a useful
guideline for the future drug development experiments.
CONCLUSIONS
– Flavonoid compounds have shown inhibitory ac-
tivity towards Fyn and Lck tyrosine kinases. Fyn kinase
has been found to be more sensitive to flavonoid inhibi-
tion than Lck.
– No significant difference in kinase affinity toward
phosphorylation of tyrosine residues on two structurally
diverse substrates, Poly Glu:Tyr (4:1) and M3-01 pepti-
de (KVEKIGEGTYGVVYK), has been observed. The-
refore, even by using different substrates in this method,
the obtained values for the flavonoids inhibition of Fyn
and Lck are accurate and reliable.
– No ATP-competitive mechanism of inhibition of
myricetin has been observed on Fyn tyrosine kinase.
This indicates that presumably myricetin inhibits Fyn by
binding on a different site of the protein, distinctive from
the ATP-binding site. Since all tested compounds are
members of the flavonoid class of compounds, we can
conclude that the mechanism of inhibition might be the
same for all analogues.
– ATP-competitive mechanism of inhibition has been
obtained in the case of staurosporine – a standard inhibi-
tor of many protein kinases.
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Flavonoidi kao inhibitori Lck i Fyn kinaza
Maja ^ali}, Dubravko Jeli}, Roberto Antolovi}, Krunoslav Nuji}, Nikola Marjanovi},
Darija Stupin Polan~ec, Smiljka Viki}-Topi} i Donatella Verbanac
Tirozinska fosforilacija predstavlja jedinstveni mehanizam prijenosa signala primljenoga iz okoline do sta-
ni~ne jezgre koja }e odgovoriti na podra`aj. Velika skupina enzima odgovorna za provo|enje ove modifikacije
poznata je pod jedinstvenim nazivom tirozinske kinaze. One omogu}uju prijenos -fosfata ATP-a na –OH sku-
pinu tirozina supstrata. Lck i Fyn su dvije nereceptorske Src tirozinske kinaze, koje su va`ne komponente regu-
lacije aktivnosti T-limfocita. Rezultati ispitivanja flavonoida, biolo{ki aktivnih polifenolnih spojeva prirodno
prisutnih u mnogim biljkama, upu}uju na njihov inhibitorni u~inak na proteinske kinaze Fyn i Lck. Najve}u
inhibiciju pokazao je miricetin, a pri ispitivanju mehanizma inhibicije Fyn kinaze nije ustanovljena kompeticija
s ATP-om. Ispitivanje potencijalne inhibicijske aktivnosti flavonoidnih spojeva prema kinazama Fyn i Lck,
provedeno je ELISA metodom. Pri tome je uspore|en afinitet ispitivanih enzima prema supstratima s razli~itim
brojem skupina podlo`nih fosforilaciji, odnosno prema polipeptidnome polimeru glutaminske kiseline i tirozina
Poly Glu:Tyr (4:1) i M3-01 peptidu. Razvoj u~inkovitih kinaznih inhibitora va`an je ne samo za prevenciju i
lije~enje mnogih bolesti ve} i za bolje razumijevanje uloge proteinskih kinaza u organizmu.
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